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DUAL ACTION INLET DOOR AND METHOD FOR USE THEREOF 
FIELD OF THE INVENTION 

[0001] The present invention relates to aircraft inlet doors, more particularly, 
inlet doors for use in the reduction of auxiliary power unit noise. 



BACKGROUND OF THE INVENTION 
[0002] Auxiliary power units (“APU”) are used in aircrafts to provide 
electrical power and compressed air to various parts of therein. When an aircraft 
is on the ground, its main source of electrical power comes from the APU. In 
particular, the APU can power the environmental control systems, air drive 
hydraulic pumps, and the starters for the engines. When an aircraft is in flight, the 
APU may provide pneumatic and/or electric power to the aircraft. 

[0003] Typically, APUs are located in the aft section of the aircraft, at or near 
the tailcone section and include inlet and exhaust ducting that exit through an 
opening in the aircraft fuselage to allow sufficient air flow through to the APU. 

For aircrafts on which APUs operate during flight, a ram air door is typically 
provided to protect the APU from foreign object damage when not in use and/or 
during ground movement, and to maximize airflow into the APU when 
performance at altitude is required. Thus, when APU venting is desired, the ram 
air door opens, either on the ground or in flight. Typically in such configuration, 
the ram air door is configured to open around 45 degrees, relative to the aircraft 
fuselage, so that aircraft drag and entry of foreign objects into the inlet duct are 
minimized, while ram air recovery is optimized. 

[0004] However, while the ram air door is open, noise may propagate from the 
APU outward from the aircraft fuselage. The noise typically travels through the 
inlet duct and is deflected from the interior of the ram air door to sections forward 
the tailcone or service locations that are located in the forward section of the 
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aircraft. Because many aircraft sections are located forward of the APU, such as, ' 
for example, passenger doors, passenger and aircraft personnel cabins, refueling 
points and baggage doors, audible noise levels heard by those onboard the aircraft 
or those on the ground while handling baggage or performing aircraft maintenance 
may be increased. 

[0005] Therefore, there is a need for an air inlet door that does not enhance 
forward propagation of inlet noise when the aircraft is on the ground. Moreover, 
in some cases, it is desirable for the inlet door to deflect foreign objects when the 
inlet door is open and while providing ram air recovery in flight. Additionally, it 
would be beneficial for the inlet door to cover the fuselage opening while the APU 
is not in operation. The present invention addresses one or more of these needs. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides an inlet door assembly for reducing 
noise from an auxiliary power unit (APU) contained within an aircraft. The inlet 
door assembly includes a duct and a door. The duct has an inlet port, an outlet 
port, and a flow passage therebetween through which APU noise propagates. The 
door is rotationally mounted on the duct and configured to selectively rotate 
between at least a first position, in which at least a portion of the door deflects the 
APU noise in a first direction, and a second position, in which at least a portion of 
the door deflects the APU noise in a second direction. 

[0007] In one embodiment, and by way of example only, a method for 
reducing APU noise from an APU located within an aircraft by an inlet door 
assembly during aircraft in-flight and ground operations is provided. An inlet 
door assembly comprising a duct having an inlet port, an outlet port, and a flow 
passage therebetween through which APU noise propagates, forward and aft doors 
each rotationally mounted on the duct and configured to selectively rotate between 
at least a first position, in which at least a portion of the door deflects APU noise 
in a first direction, and a second position, in which at least a portion of the door 
deflects the APU noise in a second direction, is used. The method includes the 
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steps of pivoting the aft door out of the flow passage and pivoting the forward 
door into the flow passage, during aircraft in-flight operation, pivoting the forward 
door out of the flow passage, while the aft door remains out of the flow passage, 
and pivoting the aft door into the flow passage, while the forward door remains 
out of the flow passage, during aircraft ground operation. 

[0008] Other independent features and advantages of the preferred inlet door 
assembly will become apparent from the following detailed description, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, 
the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] FIG. 1 is a cross-sectional schematic showing an auxiliary power unit 
(APU) mounted in the tailcone of an airplane; 

[0010] FIG. 2 is a perspective view of the inlet duct portion of an exemplary 
gas turbine APU 10; 

[0011] FIGS. 3A-3C are perspective views of the APU inlet duct having an 
exemplary inlet door assembly mounted thereon; 

[0012] FIGS. 4A-4C are schematics of the APU inlet duct having another 
exemplary inlet door assembly mounted thereon; 

[0013] FIGS. 5A-5C are schematics of the APU inlet duct having another 
exemplary inlet door assembly mounted thereon 

[0014] FIGS. 6A-6C are schematics of the APU inlet duct having yet another 
exemplary inlet door assembly mounted thereon; 

[0015] FIGS. 7A-7E are schematics of the APU inlet duct having yet another 
exemplary inlet door assembly mounted thereon; 

[0016] FIGS. 8A-8C are a schematics of the APU inlet duct having yet 
another exemplary inlet door assembly mounted thereon; and 
[0017] FIGS. 9A-9C are perspective views of the APU inlet duct having yet 
another exemplary inlet door assembly mounted thereon. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[0018] Before proceeding with a detailed description of the various 

embodiments, it is to be appreciated that the air inlet assemblies described below 
may be used in conjunction with various types of gas turbine engines, such as an 
aircraft turbofan jet engine, and various types of aircrafts, watercrafts and ground- 
based installations. The skilled artisan will appreciate that, although the present 
invention is, for convenience of explanation, depicted and described as being 
implemented in the context of an auxiliary power unit, it will be appreciated that it 
can be implemented with other sections of an engine as well. Additionally, as 
used herein, like numerals refer to like parts. 

[0019] Turning now to the description and with reference first to FIG. 1 , a 
cross-sectional schematic of an auxiliary power unit (APU) 1 0 is shown mounted 
in the tailcone of an aircraft. The aircraft 14 includes a compartment 12 that is 
defined by the aircraft exterior surfaces 16 and a firewall 18. The exterior surface 
16 includes an intake opening 20 that communicates with the APU 10 via an inlet 
duct 21 (shown in FIG. 2). Although the inlet duct 21 and intake opening 20 are 
shown positioned on the underside of the aircraft, it will be appreciated that both 
may be located anywhere on the aircraft depending on the aircraft configuration. 
The firewall 18 separates the compartment 12 from the rest of the aircraft 
fuselage. The APU 10 is disposed within the compartment 12. 

[0020] With reference to FIG. 2, the duct 21 includes an inlet port 35, an 
outlet port 37, and a sidewall 38 that defines a flow passage 40 through which the 
air passes and an inlet door assembly 42 that is mounted thereon. The amount of 
air that is ingested is controlled by the inlet door assembly 42. The inlet door 
assembly 42 also controls the amount of noise that propagates from the APU 10 to 
the ambient environment. 

[0021] Referring now to FIG. 3A for general reference only, an exemplary 
inlet door assembly 42 is depicted. The inlet door assembly 42 generally includes 
a door 44 coupled to an actuator 46. The door 44 preferably includes first and 
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second sides or ends 48, 50 and a seal 53 that is configured to sealingly couple the 
door 44 to the inlet opening 20 when the door 44 is in a closed position. The door 
44 is rotationally mounted to the duct 21, and can be mounted to the duct sidewall 
38, outlet port 35, or may be mounted to the aircraft 16, such that at least a portion 
of the door 44 is rotatable between at least two positions, for example, into and 
out of the inlet duct flow passage 40. To this end, any portion of the door 44 may 
be rotationally coupled to the inlet duct 21 . In one preferred embodiment, the 
midsection of the door 44 is rotationally coupled to the duct 21 so that when the 
door 44 is rotated in one direction, the door first end 48 is rotated into the inlet 
duct flow passage 40, and the door second end 50 is rotated out of the inlet duct 
flow passage 30, and vice versa when the door 44 is rotated in the other direction. 
In yet another embodiment, either the door first or second end 48, 50 is mounted 
to the duct 21 . In such an embodiment, the other door end can rotate into and out 
of the inlet duct flow passage 40. In an alternative embodiment, the door 44 may 
be coupled only to the actuator 46. 

[0022] The actuator 46 is configured to move the door 44 between a first 
position, in which at least a portion of the door 44 deflects the APU air flow in a 
first direction, and a second position, in which at least a portion of the door 44 
deflects the air flow in a second direction. Alternatively, the actuator 46 is 
configured to move at least a portion of the door 44 into and out of the inlet duct 
flow passage 40. In yet another alternative embodiment, the actuator 46 is 
configured to first raise the door 44 away from the aircraft surface 16 and then 
rotate the door 44. Different types of actuators may be used depending on the 
inlet door assembly configuration. For instance, the actuator 46 can be a linear or 
rotary actuator, but may be one of numerous other types of mechanisms 
configured to actuate a door, including but not limited to piston assemblies, rack 
and pinion gear assemblies, multi-component linkages, and springs. 

[0023] Turning now to FIGS. 3 A-3C, in the embodiment depicted therein, the 
inlet door assembly 42 includes a door 44 having first and second sides 48, 50, 
and a pair of arms 52 that each includes an opening 54 located proximate the door 
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second side 50 that receives a coupling mechanism 56, such as a screw, or other 
type of mechanism configured to rotationally couple the door 44 to the actuator 
46. The actuator 46 includes a mounting surface 58, to which the door 44 is 
coupled, and is in communication, either electrically, pneumatically, or 
hydraulically, with a control circuit, an electronic control unit (ECU), or any one 
of numerous other types of control mechanisms (not shown) that communicates 
door 44 position commands to the actuator 46. The actuator 46 is further mounted 
to the inlet duct 21, or alternatively, the sidewall 38, or to the aircraft 16, and is 
configured to cause the door first side 48 to rotate into and out of the inlet duct 
flow passage 40. The door first side 48 preferably rotates between -90 degress 
and -1-90 degrees, relative to the aircraft surface 1 6 so that sufficient ambient air is 
allowed into the inlet duct flow passage 40 when desired, while APU noise is 
reduced. 

[0024] FIG. 3 A illustrates the door 44 of the inlet door assembly 42 in an 
inward open position. The inward open position is used while the aircraft is on 
the ground and allows noise to propagate directly out of the inlet duct 21 
minimizing deflection forward 90 the aircraft. When the inward open position is 
desired, the control circuit (not shown) communicates the desired position to the 
actuator 54, which then actuates the door 44 to a desired angle 62 causing the door 
second side 50 to actuate inward while the aircraft relative to the aircraft surface 
16 and specifically, into the inlet duct 21 . Thus, when the noise exits the inlet 
duct 21, it partially deflects off of the inner surface of the door 44 and bounces 
back into the inlet duct flow passage 40. Additionally, when the aircraft is taxiing 
on the groimd, the outer surface of the door 44 acts as a shield to deflect foreign 
objects fi-om the inlet duct 21 and prevent damage thereto. 

[0025] When the APU is not operating, such as during portions of flight, the 
inlet duct 21 is closed, as shown in FIG. 3B. The door 44 is preferably in a closed 
position to lower aircraft drag. When the door 44 is actuated from the inward 
position shown in FIG. 3 A, the control circuit (not shown) communicates to the 
actuator 46 to close the door 44 by causing the door first side 48 to rotate until the 




7 



door 44 is flush against the aircraft surface 16. Most preferably, the door 44 and 
the inlet duct 21 sealingly couple to one another so that foreign objects do not 
enter into the inlet duct 2 1 to damage the APU. 

[0026] During flight, it may be desirable to open the door 44 outward, such as 
shown in FIG. 3C. The outward position is used to achieve ram air recovery 
while minimizing aircraft drag when the aircraft is in flight. As with the other two 
positions, the control circuit (not shown) communicates the desired outward 
position to the actuator 46. In response, the actuator 46 causes the door 44 to 
actuate so that the door first side 48 rotates until it extends outward at a desired 
angle 64, relative to the aircraft surface 16. During flight, APU noise is not as 
much of an issue and thus, in this embodiment, will be partially deflected forward 
the aircraft 90. As may be appreciated, the door 44 may be opened to any angle 
so as to maximize ram air recovery. 

[0027] As will be appreciated, the door 44 may also be actuated from the 
closed position in FIG. 3B to the open position shown in FIG. 3 A, or from the 
open position in FIG. 3C to the closed position of FIG. 3B. Additionally, the door 
44 may also be actuated from the position shown in FIG. 3 A directly to the 
position of FIG. 3C, via the position in FIG. 4B. 

[0028] FIGS. 4A-4C illustrate another exemplary inlet door assembly 42 that 
can be used on the inlet duct 21 of an APU 10. In this embodiment, the inlet 
assembly 42 includes a door 44. The door 44 includes a first, or “aft” side 48 and 
a second, or “forward” side 50. The door 44 is coupled to the inlet duct 21 at its 
midsection, such that the aft and forward sides 48, 50 pivot into and out of the 
inlet duct flow passage 40. The door 44 is actuated by an actuator (not shown) 
that is coupled to the door midsection. The actuator communicates with a control 
circuit (not shown) and is configured to receive door position commands from the 
control circuit to cause the door 44 to rotate. The actuator is further configured to 
rotate the door 44 in several positions. For instance, the actuator can be 
configured to cause the aft side 48 to pivot out of the inlet duct flow passage 40 
causing the forward side 50 to pivot into the inlet duct flow passage 40 as shown 
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in FIG. 4A. This configuration is used so that the outer surface of the door 44 acts 
as a shield to deflect unwanted objects from the inlet duct, while also deflecting 
the APU noise in the directions of the flow passage 40 or aft the aircraft 92. The 
actuator can also be configured to cause the aft side 48 to pivot into the inlet duct 
flow passage 40 while the forward side 50 pivots out of the inlet duct flow 
passage 40 for aircraft in-flight operation, as shown in FIG. 4C. Here, the door 44 
scoops and directs the ambient air into the flow passage 40, while deflecting the 
APU noise forward 90 and into the flow passage 40. Additionally, the actuator 46 
can be configured to cause the door 44 to lay flush with the aircraft surface 16 
when the APU is not in operation, illustrated in FIG. 4B. 

[0029] FIGS. 5A-5C illustrate a variation of the exemplary inlet door 
assembly 42 provided in FIGS. 4A-4C. In the embodiment depicted in FIGS. 5A- 
5C, the inlet door assembly 42 includes a door 44 and an actuating mechanism 70. 
The door 44 is a single structure configured to sealingly couple to the inlet duct 21 
when in the closed position. The door 44 also includes a first, or “aft” side 48 and 
a second, or “forward” side 50 and a mounting surface 72 coupled to and located 
on the imderside thereof. The mounting surface 72 couples to the actuating 
mechanism 70 so that when the door 44 pivots, either the aft or forward side 48, 

50 can contact the inlet duct 21. The actuating mechanism 70 includes a pair of 
arms 76 that each have first and second ends 80, 84. The first ends 80 are coupled 
to the door mounting surface 72. The mounting surface 72 and arm first ends 80 
are each configured to operate with one another to allow the door 44 to pivot on 
top of the arm first ends 80. The arm second ends 84 are each coupled to an 
actuator (not shown) and the door forward side 50. As will be appreciated, the 
arm second ends 84 may alternatively be coupled to the door aft side 48. 

[0030] The actuators can be any one of numerous types of actuators that may 
be configured to move the arms 76 to thereby cause the arms 76 to actuate, and as 
a result, to pivot the door 44. Alternatively, the actuators can incorporate a piston 
mechanism located below the moxanting surface 72 that is configured to raise and 
lower the door 44 relative to the aircraft surface (not shown), and another type of 
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mechanism configured to cause the door 44 to pivot atop the arm second ends 84. 
In yet another alternative, the actuator can incorporate a rack and pinion 
arrangement configured to raise and lower the door 44. The actuators are 
preferably coupled to the inlet duct 21 but, as will be appreciated, the actuators 
may be coupled to or mounted on any portion of the inlet door assembly 42. The 
actuators are preferably in communication with a control circuit, electronic control 
unit or any other type of controller (not shown) configured to communicate door 
position commands to the actuators 46. 

[0031] When the aircraft is not in flight, the door 44 is preferably in a closed 
position and sealingly coupled to the inlet duct 2 1 . However, if the APU is in 
operation, the door 44 is preferably in a raised position, shown in FIG. 5 A. In 
such case, the control circuit (not shown) communicates the desired position 
commainds to the actuator to cause the door 44 to lift away from the aircraft 
surface. The actuator causes the arm 76 to actuate out of the inlet duct flow 
passage 40. 

[0032] During ground operation, it may be desirable for the door 44 to be 
open aft 92, as shown in FIG. 5B. The control circuit (not shown) communicates 
the desired position to the actuator which causes the door 44 to pivot on top of the 
arm second end 84 so that the door aft side 48 contacts the inlet duct 21 while the 
door forward side 50 is opened out of the flow passage 40. Meanwhile, the arm 
76 itself remains fixed in the open door position depicted previously in FIG. 5A so 
that the door 44 continues to be lifted away from the aircraft surface 16. This aft 
open configuration allows ambient air to enter into the inlet duct 21 while 
deflecting noise aft 92. Such configuration is desirable when the APU is in 
operation and the aircraft is taxiing on the ground. The door 44 acts as a shield to 
prevent foreign objects from entering into the inlet duct 21 and damaging the 
APU. 

[0033] The door 44 can also open forward 90, such as shown in FIG. 5C. The 
forward open door configuration is desirable when the aircraft is in flight and 
maximum ram air recovery is desired. To this end, the control circuit (not shown) 
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communicates the desired position to the actuator which causes the door 44 to 
pivot on top of the arm second end 84 so that the door aft side 48 is out of the inlet 
duct flow passage 40 while the door forward side 50 contacts the inlet duct 21. 
Meanwhile, the arm 76 itself remains fixed in the open door position depicted 
previously in FIG. 5A so that the door 44 continues to be lifted away from the 
aircraft surface 1 6. Thus, the door 44 acts as a scoop to receive ambient air into 
the inlet duct 21. 

[0034] One of many advantages to the configurations depicted in FIGS. 5A- 
5C is that the APU can be in operation at any time during flight or on the ground, 
the reason being that the door 44 can remain in an open position, as shovra in FIG. 
5 A, during the transition between the aft and forward positions, shown in FIG. 5B 
and 5C. 

[0035] FIGS. 6A-6C schematically illustrates yet another variation of the 
exemplary inlet door assembly 42 shown in FIGS. 4A-4C. Here, the inlet door 
assembly 42 includes a door 44 and an actuating mechanism 70. The door 44 also 
includes a first, or “aft” side 48 and a second, or “forward” side 50 and a 
moimting surface 72 coupled to and located on the underside thereof. The 
mounting surface 72 couples to the actuating mechanism 70 so that when the door 
44 pivots either aft or forward side 48, 50 can contact the inlet duct 21 . The 
actuating mechanism 70 includes two arms 76, 78, each having a first ends 80, 82 
that couple to the door mounting surface 72. The mounting surface 72 and arm 
first ends 80, 82 are each configured to operate with one another to allow the door 
44 to pivot on top of the arm first ends 80, 82. To this end, each arm 76, 78 has a 
second end 84, 86. The first arm second end 84 couples to one actuator 46, while 
the second arm second end 86 includes an extension portion 94 that is coupled to a 
second actuator 47. 

[0036] The actuators 46, 47 can be any one of numerous types of actuators 
that can be configured to move the arms 76, 78 to thereby cause the arms 76, 78 to 
actuate, and as a result, to pivot the door 44. Alternatively, one of the actuator can 
be a piston mechanism located below the mounting surface 72 that is configured 
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to raise and lower the door 44 relative to the aircraft surface 16, while the other 
actuator is configured to cause the door 44 to pivot atop the second arm second 
end 86. In yet another alternative, the first actuator can be a rack and pinion 
arrangement configured to raise and lower the door 44. Each actuator 46, 47 is 
preferably coupled to the inlet duct 21 but, as will be appreciated, the actuators 46, 
47 may be coupled to or mounted on any portion of the inlet door assembly 42. 
The actuators 46, 47 is preferably in communication with a control circuit, 
electronic control unit or any other type of controller (not shovra) configured to 
communicate door position commands to the actuators 46, 47. 

[0037] When the aircraft is not in flight, the door 44 is preferably in a closed 
position and sealingly coupled to the inlet duct 21. This is illustrated in phantom 
in FIG. 6A. However, if the APU is in operation, the door 44 is preferably in a 
raised position, also shown in FIG. 6A. In such case, the control circuit (not 
shown) commxmicates the desired position commands to the first actuator 46 
causes the arm 76 to actuate partially out of the inlet duct flow passage 40. As a 
result, the second arm 78 actuates partially out of the inlet duct flow passage 40 eis 
well, the extension portion 94 extends to compensate for the second arm 78 
outward movement, and the door 44 is lifted and positioned out of the inlet duct 
flow passage 40. 

[0038] During ground operation, it may be desirable for the door 44 to be 
open aft 92, as shown in FIG. 6B. The control circuit (not shown) communicates 
the desired position to the second actuator 47 which causes the extension portion 
94 to pivot the door 44 on top of the arm second ends 84, 86 so that the door 
forward side 50 contacts the inlet duct 21 while the door aft side 48 is opened out 
of the flow passage 40. Meanwhile, the first arm 76 itself remains fixed in the 
open door position depicted previously in FIG. 6A so that the door 44 continues to 
be lifted away from the aircraft surface 16. This aft open configuration allows 
ambient air to enter into the inlet duct 21 while deflecting noise aft 92. Such 
configuration is desirable when the APU is in operation and the aircraft is taxiing 
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on the ground. The door 44 acts as a shield to prevent foreign objects from 
entering into the inlet duct 21 and damaging the APU. 

[ 0039 ] The door 44 can also open forward 90, such as shown in FIG. 6C. The 
forward open door configuration is desirable when the aircraft is in flight and 
maximum ram air recovery is desired. To this end, the control circuit (not shown) 
communicates the desired position to the second actuator 47 which causes the 
extension portion 94 to pivot the door 44 on top of the arm second ends 84, 86 so 
that the door forward side 50 is out of the inlet duct flow passage 40 while the 
door aft side 48 contacts the inlet duct 21 . Meanwhile, the first arm 76 remains 
fixed in the open door position depicted previously in FIG. 6A so that the door 44 
continues to be lifted away from the aircraft surface 16. Thus, the door 44 acts as 
a scoop to receive ambient air into the inlet duct 21 . 

[ 0040 ] Yet another embodiment of the exemplary inlet door assembly 42 is 

schematically illustrated in FIGS. 7A-7E. In this configuration, the inlet duct 21 
includes a well 96 that is proximate the inlet opening 20. The well 96 includes a 
sidewall 97 and a shelf 98. The inlet door assembly 42 includes two doors 44, 55 
that are each rotationally mounted at one side to the inlet duct 21 and coupled to 
the actuators 46, 47. The doors 44, 55 are configured to rotate at the coupling 
point and open side to side, relative to the aircraft body. The first door 44 is 
configured to rotate into and out of the inlet duct flow passage 40, or proximate 
and away from the well sidewall 97. The second door 55 is configured to rotate 
into or out of the inlet duct flow passage 40 as well, but specifically close to and 
away from the well shelf 98. As shown in the figures, it is preferable that the first 
door 44 is shorter in length than the second door 55 in accordance with this 
particular embodiment, however, it will be appreciated that the doors 44, 55 may 
be either equal in length, or the second door 55 may be shorter than the first door 
44, depending on the configuration of the inlet duct well 96. 

[ 0041 ] The actuating mechanisms 46, 47 are coupled to the inlet duct sidewall 
38 and to each of the doors 44, 55. Any one of numerous other types of actuators 
may be used that can be configured to cause the doors 44, 55 to actuate. Each 
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actuator 46, 47 is preferably coupled to or embedded in some portion of the inlet 
duct 21 but, as will be appreciated, the actuators 46, 47 may be coupled to or 
mounted on any portion of the inlet door assembly 42. The actuators, 46, 47 are 
preferably in communication with a control circuit, electronic control unit or any 
other type of controller (not shown) configured to communicate door position 
commands to the actuator 46, 47. 

[ 0042 ] FIGS. 7A-7E illustrate the preferred sequence of operation to achieve 
the door positions shown in FIG. 7A-7C. When the APU is not in operation, the 
doors 44, 55 are in a closed position, as shown in FIG. 7 A. When the aircraft is in 
flight, the control circuit communicates position commands to the actuators 46, 47 
to cause the first actuator 46 to rotate the first door 44 to an open out position 
where the first door 44 opens out away from the inlet duct flow passage 40, while 
the second actuator 47 rotates the second door 55 to an inward position into the 
inlet duct flow passage 40 proximate the well shelf 98. Thus, when the aircraft is 
in flight, air is scooped and directed into the inlet duct flow passage 40 via the 
first door 44. If the aircraft is taxiing on the runway, the control circuit (not 
shown) communicates new position commands to the actuators 46, 47. First, the 
control circuit (not shown) instructs the first actuator 46 to remain idle so that the 
first door 44 remains out of the flow passage 40. Meanwhile, the control circuit 
(not shown) also causes the second actuator 47 to rotate the second door 55 out of 
the flow passage 40, illustrated in FIG. 7C. After moving through the position 
shown in FIG. 7C, the first actuator 46 then rotates the first door 44 into the flow 
passage 40 proximate the well sidewall 1 52, while the second actuator 47 remains 
idle and the second door 55 remains in the open outward position, shown in FIG. 
7D. 

[ 0043 ] During in flight APU operation, the control circuit (not shown) can 
send position commands to the actuators 46, 47 to rotate both doors 44, 55 inward 
to maximize ram air recovery, as shown in FIG. 7E. This position may be 
achieved from the positions depicted in either FIG. 7B or 7D. From the position 
in FIG. 7B, the control circuit (not shown) causes the first actuator 46 to rotate the 
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first door 44 into the inlet duct flow passage 40 so that it is proximate the well 
sidewall 97. At the same time, the second actuator 47 remains idle. Thus, the 
second door 55 remains proximate the well shelf 98. 

[0044] From the position in FIG. 7D, the control circuit (not shown) causes 
the first actuator 46 to remain idle so that the first door 44 remains in the flow 
passage 40 proximate the well sidewall 97. Meanwhile, the second actuator 47 
receives commands from the control circuit (not shown) to rotate the second door 
55 inward so that it is proximate the well shelf 98. The position depicted in FIG. 
7E is desirable for in-flight low drag operation after the ram air recovery has been 
initiated. 

[0045] FIGS. 8A-8C illustrate another exemplary inlet door assembly 42 
similar to the embodiment shown in FIGS. 7A-7E. However, in this embodiment, 
the two doors 44, 55 are coupled to the inlet duct 21 and to an actuating 
mechanism 70, wherein the two doors 44, 55 open the inlet duct 21 either forward 
90 or aft 92. The actuating mechanism 70 further includes two joining rods 64, 66 
a linking rod 68 and an actuator 46. The joining rods 64, 66 each have a first and 
a second end 72, 74. Each of the first ends 72 are fixedly coupled to the two doors 
44, 55 preferably, on one of the sides of each of the doors 44, 55 so that the ends 
72, 74 and doors 44, 55 are coupled at about a 90 degree angle. However, as will 
be appreciated, the two may be coupled together at any other position on the doors 
44, 55 such as to allow each door 44, 55 to rotate into and out of the inlet duct 
flow passage 40. 

[0046] Preferably, when the rod second ends 74 are rotated, the doors 44, 55 
swing upward or downward, i.e. out of or into the inlet duct flow passage 40. The 
second ends 74 are each coupled to the ends of the linking rod 68 so that when the 
first door joining rod 64 is actuated to cause the first door 44 to move into a 
position, the second door joining rod 66 also actuates, but causes the second door 
55 to actuate into an opposite position. For example, if the first door 44 is 
actuated out of the flow passage 40, the second door 55 will, as a result, actuate 
into the flow passage 40. 
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[0047] The actuator 46 is mounted within the inlet duct 2 1 and is coupled to 
the linking rod 68. The actuator 46 can be any one of numerous types of actuators 
that can be configvued to move either the joining or linking rods 64, 66, 68 to 
thereby cause the doors 44, 55 to actuate. Additionally, although depicted in the 
figure as coupling to one of the joining rods 64, 66, as will be appreciated, the 
actuator 46 may be coupled to any portion of the actuating mechanism 70. 
Moreover, although the assembly 42 is shown to include rods 64, 66, 68 that are 
used to actuate the two doors 44, 55, any other actuating mechanism, that achieves 
the same result may be employed. The actuator 46 is preferably in 
communication with a control circuit, electronic control unit or any other type of 
controller (not shown) configured to communicate door position commands to the 
actuator 46. 

[0048] Turning to FIG. 8A, ein illustration of the inlet door assembly 42 during 
ground operation is provided. The actuator 46 receives position commands from 
the controller (not shown). In this embodiment, the actuator 46 pulls the second 
door joining rod 66 aft 92 causing the second door 55 to rotate into the flow 
passage 40. Consequently, the linking rod 68 is caused to pull on the first door 
joining rod 64 such that it also rotates and moves aft the aircraft 92. The first door 
44 moves out of the flow passage 40 into an open position. Noise propagates out 
of the inlet duct 2 1 with minimal deflection forward the aircraft 90. Specifically, 
the noise either is reflected off 94 of the inner surface of second door 55 and back 
into the inlet duct 21 or deflected off 96 of the inner surface of the first door 44 
and back towards the aft section of the aircraft 92. Thus, the noise is reflected aft 
away from aircraft service locations forward of the APU installation while 
sufficient ram air enters the inlet duct flow passage 40. 

[0049] The door 44 is preferably in a closed position, such as shown in FIG. 
8B, while the APU is not in operation. When the doors 44, 55 are actuated from 
the position shown in FIG. 8A, the control circuit (not shown) communicates to 
the actuator 46 to close the door 44, 55 by pushing the second door joining rod 66 
forward 90 and causing the second door 55 to rotate upwards so that it is level 
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with the aircraft surface 16. Accordingly, the linking rod 68 causes the first door 
joining rod 64 to rotate forward 90 so that the first door 44 consequently rotates 
downward until the first door 44 is level with the aircraft surface 16. Most 
preferably, the doors 44, 55 are configured to sealingly couple with one another to 
seal the inlet duct 21 from foreign objects when in close position. 

[0050] During flight, APU noise is not as much of a concern. However, it is 
desirable to allow sufficient ambient air into the inlet duct 21 for APU operation, 
achieved by the door positions shown in FIG. 8C. If opening the doors 44, 55 
from the closed position shown in FIG. 8B, the control circuit (not shown) 
communicates the desired outward position to the actuator 46. In response, the 
actuator 46 pushes the second door joining rod 66 forward 90 causing the second 
door 55 to rotate out of the flow passage 40. This movement also causes the 
linking rod 68 to push the first door joining rod 64 forward 90 to cause the first 
door 44 to actuate into the flow passage 40. Thus, when the aircraft is in flight, 
the second door 55 scoops the oncoming air flow and directs the air 100 into the 
inlet duct 21 for APU operation. 

[0051] As will be appreciated by those of skill in the art, the control circuit 
(not shown) can be configured to cause the doors 44, 55 to actuate from the closed 
position shown in FIG. 8B to the open position shown in FIG. 8A, or from the 
open position shown in FIG. 8C to the closed position shown in FIG. 8B. 

[0052] Yet another embodiment of the exemplary inlet door assembly 42 is 
illustrated in FIGS. 9A-9C. In this configuration, the inlet door assembly 42 
includes a main door 44 and a second door 55. The main door 44 is rotationally 
mounted at its aft side to the inlet duct 21 and coupled to the actuator 46. The 
main door 44 is configured to rotate into and out of the inlet duct flow passage 40, 
or proximate and away from the well sidewall 97. The second door 55 is coupled 
to the forward side of the main door 44. The second door 55 is configured to 
extend away from the main door 44 to contact the opposite side of the inlet duct 
sidewall 38 to create a “tent” configuration. As shown in the figures, it is 
preferable that the first door 44 is longer in length than the second door 55 in 
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accordance with this particular embodiment, however, it will be appreciated that 
the doors 44, 55 may be either equal in length, or the second door 55 may be 
shorter than the first door 44, depending on the configuration of the inlet duct well 
96. 

[0053] The doors 44, 55 can be rotated into several different positions 
depending on which phase of flight the aircraft is in. FIG. 9A illustrates the inlet 
door assembly 42 in a closed position. The inlet duct 2 1 is preferably kept closed 
when the APU (not shown) is not in operation. When the aircraft is in flight, the 
APU is in operation, and ram air recovery is desired, the doors 44, 55 may be in 
one of several open configuration. In one open configuration, such as shown in 
FIG. 9B, the main door 44 is open outwards from the aircraft surface 16 while the 
second door 55 is not extended and remains flush with the main door 44. This 
configuration allows ram air to be scooped into the inlet duct 21 . Because noise is 
not a main issue during flight, noise that propagates from the APU can deflect in 
any direction. In this configuration, the noise is deflected forward the aircraft 90 
and to the sides. In another open configuration, shown in FIG. 9C, the second 
door 55 extends away from the aircraft surface 16 to make a “tent” shape. 

Ambient air is able to travel into the inlet duct 21, while APU noise is deflected 
sideways from the open doors 44, 55. 

[0054] Thus, an improved inlet door assembly has been provided that is 
configured to achieve multi-positions to meet the requirements of ram air 
recovery, low groimd noise, in-flight low drag, and foreign object damage. The 
invention also increases the duration for which an APU may operate by allowing 
the inlet duct 38 to remain open between transitioning between various door open 
positions. The improved inlet assembly is also low in cost to implement. 

[0055] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
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invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed 
as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 




